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Abstract
Background: Aging is associated with reduced muscle mass and strength leading to impaired physical function.
Resistance training programs incorporated into older adults’ real-life settings may have the potential to counteract
these changes. We evaluated the effectiveness of 8 months resistance training using easily available, low cost
equipment compared to physical activity counselling on physical function, muscle strength, and body composition
in community-dwelling older adults receiving home care.
Methods: This open label, two-armed, parallel group, cluster randomized trial recruited older adults above 70 years
(median age 86.0 (Interquartile range 80–90) years) receiving home care. Participants were randomized at cluster
level to the resistance training group (RTG) or the control group (CG). The RTG trained twice a week while the CG
were informed about the national recommendations for physical activity and received a motivational talk every 6th
week. Outcomes were assessed at participant level at baseline, after four, and 8 months and included tests of
physical function (chair rise, 8 ft-up-and-go, preferred- and maximal gait speed, and stair climb), maximal strength,
rate of force development, and body composition.
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Results: Twelve clusters were allocated to RTG (7 clusters, 60 participants) or CG (5 clusters, 44 participants). The
number of participants analyzed was 56–64 (6–7 clusters) in RTG and 20–42 (5 clusters) in CG. After 8 months,
multilevel linear mixed models showed that RTG improved in all tests of physical function and maximal leg
strength (9–24%, p = 0.01–0.03) compared to CG. No effects were seen for rate of force development or body
composition.
Conclusion: This study show that resistance training using easily available, low cost equipment is more effective
than physical activity counselling for improving physical function and maximal strength in community-dwelling
older adults receiving home care.
Trial registration: ISRCTN1067873
Keywords: Elderly, Independent living, Strength training, Home-based exercise, Functional mobility, Elastic band
Background
Aging is associated with reduced muscle mass [1] and
strength [1, 2] followed by a decline in physical function
(e.g., ability to walk, rise from a chair, walk stairs) [2].
Furthermore, the ability to generate force rapidly de-
creases more than maximal strength in older adults [2,
3], and it has been argued that power and rate of force
development (RFD) is more important for physical func-
tion and the ability to carry out activities of daily life [3,
4]. To promote healthy aging and the ability to live inde-
pendently in aging populations, it is essential to identify
effective strategies to counteract or delay these age-
related changes.
Resistance training has proven to be safe and effective
to counteract loss of muscle mass [5], strength [5, 6],
and physical function in older adults [6, 7]. Resistance
training is often performed at fitness centers using re-
sistance training machines and free weights [4, 7].
However, approaches that can be easily incorporated
into real-life settings have been called upon, as lack of
availability, training experience, and affordability may
limit older adults’ access to traditional training facilities
[8, 9]. One possibility is to provide resistance training
programs using easily available, low-cost equipment
such as elastic bands, body weight, and other equip-
ment (e.g., ankle weights, water canes) [10, 11]. Such
equipment facilitates incorporation of resistance train-
ing in real-life settings. However, studies using such
training programs show inconclusive results with re-
spect to improvements in maximal strength [12–19]
and body composition in older adults [14, 17, 20, 21],
as well as their transferability to physical function [12,
13, 15, 16, 18–23]. Furthermore, few studies have inves-
tigated the effect of resistance training programs using
easily available, low cost equipment on the ability to
generate force rapidly and the results have been incon-
sistent [15, 16].
Most studies have examined healthy, community-
dwelling older adults below the age of 80 years or those
living in an institution [7, 10–12, 14, 17, 18, 20–22]. The
oldest old (> 80 years) still living at home while receiving
home care services remains understudied [15, 23], Ef-
fective interventions for this population could provide a
golden window of opportunity to promote independent
living by improving physical function and muscle
strength. With an increasing older population, easily
available, low-cost training programs might reduce the
need for home care services. Thus, this cluster random-
ized trial examined the effectiveness of an 8 months
resistance training program using easily available, low
cost equipment, compared to a control group receiving
physical activity counselling, on physical function,
muscle strength, and body composition in community-
dwelling older adults receiving home care. We hypothe-
sized that greater improvements in physical function and
muscle strength would be demonstrated in the resistance
training group than the control group.
Methods
Trial design
The Independent Self-Reliant Active Elderly (ISRAE)
study is an open label, two-armed, parallel group
cluster randomized controlled trial (RCT), conducted
in three municipalities (Sogndal, Leikanger and
Luster) in Western Norway, from August 2016 to
August 2018. A cluster RCT was chosen to avoid
contamination and to increase adherence. Participants
were divided into 12 clusters (range 5–16 partici-
pants) where participants living in the same geograph-
ical area belonged to the same cluster. The clusters
were allocated (3:2 ratio) to the resistance training
group (RTG) or the control group (CG) receiving
physical activity counselling. The intervention lasted
for 8 months and participants were followed for 1
year after the end of the intervention. Here, we report
the intervention effects at the participant level on
physical function tests, maximal strength, RFD, and
body composition four and 8 months after study
inclusion.
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The Regional Committee for Medical and Health Re-
search Ethics and the Norwegian Centre for Research
Data approved the study (2016/51 and 49,361/s/AGH,
respectively), and it was conducted in accordance with
the Declaration of Helsinki. Due to changes in design,
the study was registered retrospectively (ISRCTN regis-
try:1067873) and is reported according to the Consort
statement extension to cluster RCTs [24]. Oral and writ-
ten information about the study was given to all partici-
pants and written informed consent was signed before
randomization.
Participants
Participants were recruited through the health care ser-
vices in the three municipalities. Older adults above 70
years, living at home, and receiving home care due to
functional and/or medical disabilities were eligible for
inclusion. Participants were excluded if they had serious
cognitive impairment (e.g. Alzheimer’s disease, demen-
tia), physical diagnoses/conditions that could affect test-
ing or training, and/or disapproval from a medical
doctor due to contraindications for training. During
inclusion, an amendment was made to the inclusion
criteria; seven individuals otherwise meeting the eligibil-
ity criteria, but were below 70 years (median 67 (range
63–69) years) were included in the study to increase the
sample size.
Intervention
RTG was offered a resistance training program twice per
week for 8 months, from end of September 2016 to the
end of May 2017. The intervention was targeted at the
participant level. Each session lasted for 30–45min and
was supervised by trained exercise instructors. Training
was performed in groups at the local health care centers
using easily available, low cost equipment such as elastic
bands (ROPES a/s, Aasgardstrand, Norway), body
weight, and water canes. The included exercises aimed
to strengthen the muscle groups most important for
daily living activities (Table 1). To ensure progression,
number of series and repetitions were manipulated, and
new exercises were introduced (Table 1). Furthermore,
the exercise instructors tailored the intensity to the indi-
vidual by using chairs, adding water canes, and/or
changing the thickness and tension (level of pre-stretch)
of the elastic band. After the baseline testing, a 5 week
introductory phase was conducted, focusing on proper
execution of the exercises without going to fatigue. After
this, volume and intensity were increased progressively
and participants were encouraged to perform each exer-
cise to fatigue – i.e. they were unable to complete more
repetitions with proper technique. Participants were en-
couraged to train with high intentional velocity during
the concentric phase (to increase RFD) and with slower
controlled velocity in the eccentric phase (to increase
the hypertrophic stimulus).. Additionally, participants
were encouraged to continue their normal daily activity.
Attendance to the resistance training was registered and
defined as percentage of sessions met of sessions offered.
Participants allocated to CG received counselling on
the national recommendations for physical activity and a
physical education booklet from the Ministry of Health
and Care Services. A researcher or research assistant
contacted participants every 6th week by phone or a
visit, reminding them about the national recommenda-
tions for physical activity and motivating them to stay
active.
Outcomes
Testing was conducted at the health care centers by
assessors who were not blinded to allocation.. All out-
comes were measured at the participant level.
Physical function
Five tests in random order were used to assess phys-
ical function. All tests were performed two or three
times. Verbal encouragement was given. Time was
measured using a stopwatch. Participants could use
crutches, walker, and/or armrests of the chair and
stairs if necessary. Use of assistive devices was regis-
tered at baseline, four, and 8 months to ensure simi-
lar test conditions throughout. If the registration of
assistive devices was incomplete, the measurement
was registered as missing.
Chair rise The test measures the time needed to
complete five sit-to-stand cycles [15]. A straight back
chair with armrests was used and participants were told
Table 1 Progression of the resistance training program
Phase Length (Weeks) Number of exercises Description of exercises Series Repetitions performed
1 5 5 Rowing, chest press, squats, biceps curl, knee extension 2 10-12b
2 10 5 Same as phase 1 3 10–12
3 10 6 Same as phase 1 + shoulder press 3 8–10
4 10 7 Same as phase 3 + up-and-goa 4 8–10
a Rising from a chair, walking 3 m and turning around a cone, walking back and sitting down
b Introductory phase, repetitions not performed until fatigue
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to rise to a fully extended position and sit back down
five times. The best trial was used for analysis. Coeffi-
cient of variation (CV) ranged from 10 to 14%.
8 ft-up-and-go The test measures the time needed to
rise from a chair, walk 2.4 m, turn, walk back to the
chair, and sit down [25]. A straight backrest chair with
armrests was used. The best trial was used for analysis.
CV ranged from 8 to 12%.
Gait speed Preferred and maximal gait speed (m/s) was
assessed over 20 m [15]. For preferred speed, partici-
pants were instructed to walk in a comfortable pace,
while for the maximal speed they were instructed to
walk as fast as possible without running. Participants
started approximately one meter before and slowed
down one meter after the 20 m course. The mean of the
trials was used for preferred gait speed while the best
trial was used for maximal gait speed. CV ranged from 5
to 8%,
Stair climb The test measures the time needed to walk
up a flight of stairs. As testing was conducted at the dif-
ferent health care centers, the same staircase was not
used for all participants. However, each participant
walked the same staircase at all three test times. The
number of steps ranged from 16 to 24, with a vertical
climb of 2.7 to 4.0 m. Participants were instructed to as-
cend the staircase in the same way as they normally
would. The best trial was used for analyses. One cluster
(CG n = 15) did not have access to stairs at their health
center and was not included in analyses. CV ranged
from 6 to 8%.
Maximal strength and rate of force development
Muscle strength was measured during maximal volun-
tary isometric contraction (MVC) of the knee extensors.
Participants were seated in a custom-made flexi-bench
(Pivot 430 Flexi-bench, Sportsmaster, Norway) and a
non-elastic band (ROPES a/s, Aasgardstrand, Norway)
attached to a force cell (Ergotest A/S, Porsgrunn,
Norway) was used to measure force development. The
knee angle was 90-degrees and the band was placed
around the preferred ankle [15]. Two to three trials were
performed separated by a 1-min resting period and the
best trial was used for analysis. Participants were
instructed to contract as “fast and forcefully as possible”
for at least 5 s and verbal encouragement was given.
Maximal strength (MVC) was defined as the highest
mean force output over a 3-s window. RFD was calcu-
lated over a 200-millisecond window at the steepest ver-
tical force generation [15]. CV for maximal strength and
RFD was 8–9 and 28%, respectively.
Grip strength
Grip strength (CV = 5–6%) was measured using a hand-
held dynamometer (Baseline® Hydraulic Hand Dyna-
mometer, Elmsford, NY, USA). The participants were
instructed to squeeze as hard as they could for three to
5 s using the preferred arm. Verbal encouragement was
given. The best of three trials was used for analyses.
Body composition
Height was measured without shoes using a stadiometer.
Body composition (body mass index (BMI), percentage
body fat, and fat free mass) was measured barefooted
and in light clothes with bioelectrical impedance analysis
using a Tanita weight (Tanita MC 780MA S, Illinois,
USA). Participants with a pacemaker did not perform
the bioelectrical impedance analysis.
Randomization and blinding
Randomization was done at cluster level in a 3:2 ratio
and carried out in Excel by the project leader using the
following procedure: (i) each cluster was given a number
[1–16] and large clusters (> 10 participants) were
weighted with two numbers. (ii) A random numbers
table was used to allocate clusters to RTG based on the
assigned numbers (iii). The procedure was stopped when
RTG consisted of 60% of the participants (i.e. seven clus-
ters). (iv) The remaining five clusters (40% of partici-
pants) were allocated to CG.
For practical reasons none of the researchers or re-
search assistants were blinded. Further, due to the na-
ture of the intervention it was not possible to blind
participants or exercise instructors.
Statistical analysis
Analyses were performed according to the intention to
treat principle. The between-group effects were analyzed
using multilevel linear mixed models. The baseline level
was obtained by merging the two groups [26] and we in-
cluded the interaction between group and time (baseline,
four, and 8 months;2 groups × 3 times). Cluster and
participant-id were entered as random effects, account-
ing for cluster randomization and dependency of re-
peated measures. Visual inspection of the residuals of
outcomes was used to assess normality. Non-normal
outcomes were transformed using the natural logarith-
mic scale. These outcomes were back transformed using
the formula exp.(μ + σ
2
2 ) to obtain the arithmetic mean
estimates. The estimates from the analyses were used to
predict outcomes for the two groups at the different
time points.
A per-protocol analysis including participants with
≥60% attendance to exercise sessions was conducted. In
addition, sensitivity analyses were performed. First, an
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analysis was conducted including participants who met
the original inclusion criteria for age (i.e. ≥ 70 years).
Second, for the physical function outcomes, we per-
formed an analysis with adjustment for the baseline
value of the outcome without using combined baseline.
Lastly, we adjusted stair climb for i) vertical climb and
ii) number of steps.
For normally distributed variables, descriptive data
is presented as mean and standard deviation (SD) and
results are presented as mean and 95% confidence
interval (95% CI). For non-normal variables, descrip-
tive data is presented as median and 25–75 percentile
(Interquartile range, IQR) unless stated otherwise.
The estimated mean difference between two groups
represents the ratio of the geometric mean for RTG
to the geometric mean for CG [27] and are presented
as ratios and 95% CI. Intra-cluster correlation coeffi-
cients (ICC) were calculated for all outcomes as be-
tween cluster variation divided by total variation [28].
Cohen’s d effect sizes and 95% CIs were calculated
for between-group changes from baseline to four and
8 months. An effect size of 0.2, 0.5, and 0.8 was con-
sidered small, medium, and large, respectively [29]. A
p-value of < 0.05 was considered statistically signifi-
cant. All analyses were performed in STATA 15
(StataCorp. 2017. Stata Statistical Software: Release
15. College Station, TX: StataCorp LLC).
Results
We invited 123 older adults fitting the inclusion cri-
teria to participate in the study, 104 met for baseline
testing and were divided into 12 clusters eligible for
randomization. Six participants were included after
randomization and assigned to a cluster based on
their geographical residency. Three participants using
wheelchairs could not perform testing and were ex-
cluded. Number of participants and clusters analyzed
was 76–106 and 11–12, respectively. The flow of par-
ticipants through the study is illustrated in Fig. 1.
There were no adverse events reported in any of the
groups.
Participant characteristics
Baseline characteristics of the groups are presented in
Table 2. The median age was 86 (80–90) years and the
majority were women (60%). Most of the participants
used assistive walking devices (60%). The mean attend-
ance to training sessions was 51%. The dropout rate was
44% (RTG n = 31; CG n = 16) and those dropping out
were somewhat older (median age 88 (83–91) years),
with similar representation of males and females (55%
females).
Physical function
Figure 2 show changes in physical function from
baseline to four and 8 months. After 4 months, RTG
improved in stair climb (18%, p = 0.03) and maximal
gait speed (8%, p = 0.01) compared to CG (Table 3,
Fig. 2). No other statistically significant between-
group differences were found after 4 months. After 8
months, RTG improved in all physical function tests
(9–24%, p = 0.01–0.03) compared to CG (Table 3,
Fig. 2). Supplementary Table S1 shows between-group
effect sizes.
Maximal strength and rate of force development
There were no statistically significant between-group dif-
ferences after 4 months (Table 3). After 8 months, RTG
improved in leg- (18%, p = 0.03) and relative leg (16%,
p = 0.01) MVC strength compared to CG (Table 3). No
statistically significant between-group differences were
found after 8 months for leg RFD and grip strength.
Supplementary Table S1 shows between-group effect
sizes.
Body composition
No statistically significant between-group differences
were found after four or 8 months for body composition
(Table 3). Supplementary Table S1 shows between-
group effect sizes.
Per protocol- and sensitivity analyses
Following the per-protocol analysis, the between-
group difference in 8 ft-up-and-go after 8 months was
slightly smaller and no longer statistically significant
(10%, p = 0.06). The per-protocol analyses did not
change the other findings (Supplementary Table S2).
After removing participants under 70 years, the
between-group difference was slightly smaller and no
longer statistically significant for stair climb (17%, p =
0.06) after 4 months, and maximal gait speed (7%,
p = 0.11) and leg MVC (13%, p = 0.05) after 8 months
(Supplementary Table S3). No other changes were
demonstrated following the sensitivity analyses
(Supplementary Table S4-S5).
Discussion
Among community-dwelling older adults receiving
home care, resistance training using easily available,
low cost equipment improved physical function
(chair-rise, 8 ft-up-and-go, stair climb, preferred- and
maximal gait speed) and maximal leg strength after 8
months compared to physical activity counselling.
Smaller and fewer between-group differences were
observed at 4 months. We found no between-group
differences for explosive leg strength, grip strength, or
body composition.
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Our findings are in line with a systematic review
and a meta-analysis reporting small to moderate im-
provements in physical function and muscle strength
in older adults following comparable resistance train-
ing programs [10, 11]. In a previous study on institu-
tionalized older adults (mean age 83 years), no effects
were found for maximal leg strength, however, the
number of chair stand repetitions increased in the re-
sistance training group compared to a control group
after 6 months of training [13]. Another study includ-
ing older adults in their 80s and 90s receiving home
care found no effects on physical function nor max-
imal strength after 10 weeks of resistance training
using elastic bands, body weight, and water canes
[15]. This finding is supported by a study using a
comparable sample [23]. The lack of effect on RFD
and body composition we observed is consistent with
other studies using comparable resistance training
programs in older adults (e.g., elastic bands, body
weight) [14, 15]. However, some studies including
older adults in their 60s and 70s have reported re-
duced body fat and improved muscle mass [20, 21].
The lack of consistent findings could be explained
by several study-differences, such as differences in
protocols and outcomes for physical function and
muscle strength, training volume and duration, and
Fig. 1 Flow of participants through the study
Bårdstu et al. European Review of Aging and Physical Activity           (2020) 17:11 Page 6 of 11
populations that are not entirely comparable (e.g., dif-
ferent health statuses). These issues are discussed
more specifically below.
Our participants had little or no previous experience
with resistance training. The design of the training pro-
gram was in line with recommendations for resistance
training programs for older adults [30]. However, the
training volume (2 × 30-45min/week) and attendance to
training sessions (51%) might have been too low to pro-
duce enough long-term training stimuli, especially for
muscle growth [31]. Low volume and intensity, espe-
cially the first 5 weeks, could further explain the fewer
and smaller effects seen after four compared to 8
months of training. The larger effects seen after 8
months could indicate that training duration is of
importance for this group of older adults (> 80 years).
Furthermore, elastic bands provide light resistance that
increases at the end of the range of motion [32] and
greater force is generated during the last half of the
concentric phase, when the velocity is lower. Thus,
characteristics of the elastic bands may limit the ability
to effectively load the muscles in the concentric phase
with high velocity. The lack of training effect for RFD
could also be explained by large within subject variation
in RFD. Training specificity could also explain our
findings, as several of the included exercises (e.g., the
squat, knee-extension, and up-and-go) are highly
transferrable to the physical function- and strength
tests. Lastly, CG was more disabled (worse perform-
ance on physical function tests and more use of walk-
ing aids) and more overweight compared to RTG at
baseline. This could hamper the ability to find
between-group differences due to regression towards
the mean [33]. Furthermore, the higher fat free mass
in CG at baseline could explain the lack of training
effect on muscle growth.
An effective resistance training program could reduce
the need for home care, thereby promoting independ-
ent living. This resistance training program used easily
available, low-cost equipment, making it feasible and
possible to implement in real-life settings of older
adults (e.g., health care centre or at home). Importantly,
the decreased performance seen in CG from baseline to
8 months, but not in RTG, could indicate that reduc-
tions in physical function and muscle strength can be
counteracted in the oldest old (> 80 years). However,
after training, RTG still demonstrated a preferred gait
speed below what has been recommended to represent
good health and physical function in older adults (≥1.0
m/s) [34]. Furthermore, RTG did not reach normative
age-thresholds (80–90 years) for 8 ft-up-and-go (5.2–
9.6 s) [25]. Thus, whether the improvements
Table 2 Baseline characteristics of participants
Characteristics RTG (n = 64) CG (n = 43) ICC
Age (years) median (IQR) 86.5 (80–90) 86.0 (80–90)
Sex
Female n (%) 42 (66) 22 (51)
Use of walking aids n (%)* 33 (52) 31 (72)
Height (cm) mean (SD) 160 (9) 164 (9)
Body mass (kg) median (IQR) 66.5 (55.5–79.5)a 70.4 (62.4–80.2)b
Body Mass Index (kg/m2) median (IQR) 25.1 (23.6–28.1)a 27.0 (23.7–30.3)b 0.00
Fat mass (%) median (IQR) 29.5 (24.4–37.4)c 30.4 (23.4–38.2)d 0.05
Fat free mass (kg) median (IQR) 42.9 (37.5–55.3)e 51.3 (43.2–61.2)f 0.02
Chair rise (s) median (IQR) 16.0 (12.7–20.7)a 19.3 (16.9–24.3)g 0.01
8 ft. up and go (s) median (IQR) 11.9 (8.5–18.6)h 16.0 (10.7–19.7)i 0.07
Stair walk (s) median (IQR) 18.8 (12.7–29.3)j 23.1 (19.0–33.6)k 0.00
Preferred gait speed (m/s) mean (SD) 0.78 (0.28)a 0.66 (0.18)l 0.07
Maximal gait speed (m/s) mean (SD) 1.1 (0.43)a 0.9 (0.28)l 0.06
Leg MVC (N) mean (SD) 185 (82)a 175 (67)g 0.00
Leg MVC relative (N/kg) mean (SD) 2.8 (1.0)h 2.3 (0.8)m 0.00
Leg RFD (N/s) mean (SD) 406 (323)a 447 (279)g 0.10
Grip strength (kg) mean (SD) 25.4 (8.1) 28.0 (7.8)g 0.00
RTG Resistance training group, CG Control group, ICC Intra cluster correlation, MVC Maximal voluntary isometric contraction, RFD Rate of force development, IQR
Interquartile range 25- to 75 percentile, SD Standard deviation, N Newton
*Includes walker or crutches. One participant in CG with missing data
an = 63 bn = 40 cn = 59 dn = 36 en = 58 fn = 31 gn = 42 hn = 62 in = 41 jn = 55 kn = 20 ln = 41 mn = 39
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demonstrated are transferrable to improving independ-
ence are unknown. We therefore speculate that action
should be made before older adults are at the thresh-
old for institutionalization. Whether greater benefits
are achievable in a comparable sample by increasing
volume and intensity should be investigated. Further-
more, we experienced a large dropout (44%) and low
attendance, which was not surprising given the age and
health status of the participants, as shown by others
[35, 36]. Future studies should include strategies aimed
at maximizing compliance, such as strengthening older
adults’ self-efficacy and motivation [36]. Future
research should also evaluate the effect of earlier
implementation, as well as the cost-effectiveness of
implementing long-term resistance training in older
adults’ real-life settings.
The main strength of the study is its ecological
validity with the long-term resistance training
program utilizing easily availed, low cost equipment
that could be incorporated into older adults’ real-life
settings. Additionally, the inclusion of participants
receiving home care, possibly representing a window
of opportunity for delaying institutionalization
strengthens our study. Some limitations need to be
addressed. First, the participants varied in age, phys-
ical function, and use of assistive walking devices,
thus, the generalizability of the findings are unknown.
Second, six participants were included after
randomization, possibly biasing group allocation.
Third, nutritional intake, quality of nutrition, and hy-
dration was not standardized before testing, reducing
the sensitivity to detect subtle changes in body





















































































Fig. 2 Changes in physical function from baseline through four and eight months. Values are estimated means and 95% confidence intervals
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composition. Fourth, dropout was high, but we used
multilevel mixed models, which have the strength of
handling missing data without imputation [26]. How-
ever, these models rely on the assumption of “missing
at random” and we can not disregard the possibility
of bias due to loss to follow up. Fifth, the sample is
small for a cluster RCT and future studies with
higher statistical power should be carried out. Lastly,
some caution should be made when interpreting our
findings due to multiple testing and lack of blinding.
Conclusion
In community-dwelling older adults receiving home
care, resistance training improved all measures of phys-
ical function and maximal leg strength after 8 months
compared to physical activity counselling. No effects
were found for RFD, grip strength, or body composition.
These findings suggest that resistance training programs
utilizing easily available, low cost equipment could be
beneficial to implement in real-life settings of
community-dwelling older adults.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s11556-020-00243-9.
Additional file 1:. Between-group Cohens’ d effect sizes and 95% confi-
dence intervals. This additional file is a one page table (.docx) showing
the Cohens’ d effect sizes for between-group differences for all
outcomes.
Additional file 2:. Per protocol analysis including participants with
≥60% attendance to training sessions. Values are estimated means and
95% confidence intervals (95% CI), unless stated otherwise. This
additional file is a table (.docx) showing results from the per protocol
analysis (participants with ≥60% attendance to training) for all outcomes.
Additional file 3:. Sensitivity analysis including only participants over
the age of 70 years. Values are estimated means and 95% confidence
intervals (95% CI), unless stated otherwise. This additional file is a table
(.docx) showing results from the sensitivity analysis including only the
participants ≥70 years, as first intended by the inclusion criteria.
Additional file 4:. Sensitivity analysis of physical function outcomes
without combined baseline, but adjusted for baseline differences of the












































































































































































































Estimated means and 95% confidence intervals (95% CI) using linear mixed models (unadjusted model). a Between-group differences for transformed variables are
presented as ratio of the geometric mean for RTG to the geometric mean for CG with corresponding 95% CI
RTG Resistance training group, CG Control group, MVC Maximal voluntary contraction, RFD Rate of force development, N Newton
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outcome. Values are estimated means and 95% confidence intervals (95%
CI), unless stated otherwise. This additional file is a table (.docx) showing
results from the sensitivity analysis without using combined baseline, but
adjusting for the baseline differences of the outcome. This sensitivity
analysis was performed only for outcomes of physical function.
Additional file 5:. Sensitivity analysis of stair climb, adjusted for vertical
climb and number of steps. Values are estimated means and 95%
confidence intervals (95% CI), unless stated otherwise. This additional file
is a table (.docx) showing results from the sensitivity analysis of stair
climb, where we adjusted for vertical climb in one model and number of
steps in another model.
Abbreviations
RT: The resistance training group; CG: The control group; MVC: Maximal
voluntary isometric contraction; RFD: Rate of force development; N: Newton;
N/kg: Newton per kilogram; m/s: Meters per second; SD: Standard deviation;
IQR: Interquartile range; ICC: Intra-cluster correlation coefficient;
CI: Confidence interval; CV: Coefficient of variation
Acknowledgements
The authors would like to acknowledge those that contributed to the
accomplishment of the study, such as research assistants and exercise
instructors. In addition, we would like to acknowledge those involved from
all three participating municipalities, as well all study participants. Lastly, we
would like to acknowledge Øyvind Salvesen for his advice on the statistical
analyses.
Authors’ contributions
HBB was in charge of the main writing of the manuscript and data analyzes.
AHS, VA, MF, KTC and TR all contributed in planning the study, while AHS
and VA were in charge of running the study and collecting data. AHS, VA,
MF, TR, KTC and LA reviewed the manuscript and gave appreciated input on
revisions. LA contributed in planning of the statistical analysis. All authors




The Norwegian Regional Research Council of Western Norway funded the
study.
Availability of data and materials
The dataset used and analyzed during the current study is available from the
corresponding author upon reasonable request.
Ethics approval and consent to participate
The study involved human participants and all procedures were performed
in accordance with the ethical standards of The Regional Committee for
Medical and Health Research Ethics (2016/51) and the Norwegian Centre for
Research Data (49,361/s/AGH), and with the Declaration of Helsinki. Informed




The authors report that they have no competing interests.
Author details
1Department of Sport, Food and Natural Sciences, Faculty of Education, Arts
and Sports, Western Norway University of Applied Sciences, PB 133, 6851
Sogndal, Norway. 2Department of Neuromedicine and Movement Science,
Faculty of Medicine and Health Sciences, Norwegian University of Science
and Technology, Trondheim, Norway. 3Unicare Helsefort Rehabilitation
Centre, Rissa, Norway. 4Department of Public Health and Nursing, Faculty of
Medicine and Health Sciences, Norwegian University of Science and
Technology, Trondheim, Norway. 5Department of Physical Performance,
Norwegian School of Sport Sciences, Oslo, Norway. 6Department of Sports,
Physical Education and Outdoor Studies, Faculty of Humanities, Sports and
Educational Science, University of South-Eastern Norway, Vestfold, Norway.
7Faculty of Health and Welfare, Østfold University College, Fredrikstad,
Norway.
Received: 28 April 2020 Accepted: 28 July 2020
References
1. Frontera WR, Hughes VA, Fielding RA, Fiatarone MA, Evans WJ, Roubenoff R.
Aging of skeletal muscle: a 12-yr longitudinal study. J Appl Physiol (1985).
2000;88(4):1321–6.
2. Skelton DA, Greig CA, Davies JM, Young A. Strength, power and related
functional ability of healthy people aged 65-89 years. Age Ageing. 1994;
23(5):371–7.
3. Porter MM. Power training for older adults. Appl Physiol Nutr Metab. 2006;
31(2):87–94.
4. Byrne C, Faure C, Keene DJ, Lamb SE. Ageing, muscle power and physical
function: a systematic review and implications for pragmatic training
interventions. Sports Med. 2016;46(9):1311–32.
5. Fiatarone MA, Marks EC, Ryan ND, Meredith CN, Lipsitz LA, Evans WJ. High-
intensity strength training in nonagenarians. Effects on skeletal muscle.
JAMA. 1990;263(22):3029–34.
6. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, Nigg CR,
Salem GJ, et al. American College of Sports Medicine position stand.
Exercise and physical activity for older adults. Med Sci Sports Exerc. 2009;
41(7):1510–30.
7. Liu CJ, Latham NK. Progressive resistance strength training for improving
physical function in older adults. Cochrane Database Syst Rev. 2009;3:
CD002759.
8. World Health Organization. Global action plan on physical activity 2018–
2030: more active people for a healthier world Geneva: World Health
Organization 2018.
9. Franco MR, Tong A, Howard K, Sherrington C, Ferreira PH, Pinto RZ, et al.
Older people's perspectives on participation in physical activity: a systematic
review and thematic synthesis of qualitative literature. Br J Sports Med.
2015;49(19):1268–76.
10. Martins WR, de Oliveira RJ, Carvalho RS, de Oliveira DV, da Silva VZ, Silva MS.
Elastic resistance training to increase muscle strength in elderly: a
systematic review with meta-analysis. Arch Gerontol Geriatr. 2013;57(1):8–15.
11. Thiebaud RS, Funk MD, Abe T. Home-based resistance training for older
adults: a systematic review. Geriatr Gerontol Int. 2014;14(4):750–7.
12. Fahlman MM, McNevin N, Boardley D, Morgan A, Topp R. Effects of
resistance training on functional ability in elderly individuals. Am J Health
Promot. 2011;25(4):237–43.
13. Oesen S, Halper B, Hofmann M, Jandrasits W, Franzke B, Strasser EM, et al.
Effects of elastic band resistance training and nutritional supplementation
on physical performance of institutionalised elderly--a randomized
controlled trial. Exp Gerontol. 2015;72:99–108.
14. Martins WR, Safons MP, Bottaro M, Blasczyk JC, Diniz LR, Fonseca RM,
et al. Effects of short term elastic resistance training on muscle mass
and strength in untrained older adults: a randomized clinical trial. BMC
Geriatr. 2015;15:99.
15. Saeterbakken AH, Bardstu HB, Brudeseth A, Andersen V. Effects of strength
training on muscle properties, physical function, and physical activity
among frail older people: a pilot study. J Aging Res. 2018;2018:8916274.
16. Hruda KV, Hicks AL, McCartney N. Training for muscle power in older adults:
effects on functional abilities. Can J Appl Physiol. 2003;28(2):178–89.
17. Yoon DH, Kang D, Kim HJ, Kim JS, Song HS, Song W. Effect of elastic band-
based high-speed power training on cognitive function, physical
performance and muscle strength in older women with mild cognitive
impairment. Geriatr Gerontol Int. 2017;17(5):765–72.
18. Westhoff MH, Stemmerik L, Boshuizen HC. Effects of a low-intensity
strength-training program on knee-extensor strength and functional ability
of frail older people. J Aging Phys Act. 2000;8(4):325–42.
19. Danilovich M, Corcos D, Eisenstein A, Marquez D, Hughes S. The impact of
strong for life on the physical functioning and health of older adults
receiving home and community-based services. Aging Soc. 2017;7(2):1–10.
20. Vikberg S, Sorlen N, Branden L, Johansson J, Nordstrom A, Hult A, et al.
Effects of resistance training on functional strength and muscle mass in 70-
year-old individuals with pre-sarcopenia: a randomized controlled trial. J Am
Med Dir Assoc. 2019;20(1):28–34.
Bårdstu et al. European Review of Aging and Physical Activity           (2020) 17:11 Page 10 of 11
21. Liao CD, Tsauo JY, Huang SW, Ku JW, Hsiao DJ, Liou TH. Effects of elastic
band exercise on lean mass and physical capacity in older women with
sarcopenic obesity: a randomized controlled trial. Sci Rep. 2018;8(1):2317.
22. Park SY, Kim JK, Lee SA. The effects of a community-centered muscle
strengthening exercise program using an elastic band on the physical
abilities and quality of life of the rural elderly. J Phys Ther Sci. 2015;27(7):
2061–3.
23. McMurdo ME, Johnstone R. A randomized controlled trial of a home
exercise programme for elderly people with poor mobility. Age Ageing.
1995;24(5):425–8.
24. Campbell MK, Piaggio G, Elbourne DR, Altman DG. Consort 2010 statement:
extension to cluster randomised trials. BMJ. 2012;345:e5661.
25. Rikli RE, Jones CJ. Development and validation of a functional fitness test for
community-residing older adults. J Aging Phys Act. 1999;7(2):129–61.
26. Fitzmaurice GM, Laird NM. Ware JH. Applied Longitudinal Analysis Second
Edition ed: Wiley; 2011. 752 p.
27. Bland JM, Altman DG. Statistics notes: the use of transformation when
comparing two means. BMJ. 1996;312(7039):1153.
28. Coupland C, DiGuiseppi C. The design and use of cluster randomised
controlled trials in evaluating injury prevention interventions: part 2. Design
effect, sample size calculations and methods for analysis. Inj Prev. 2010;16(2):
132–6.
29. Cohen J. Statistical power analysis for the behavioral sciences 2ed. USA
Lawrence Erlbaum Associates; 1988.
30. Fragala MS, Cadore EL, Dorgo S, Izquierdo M, Kraemer WJ, Peterson MD,
et al. Resistance training for older adults: position statement from the
National Strength and conditioning association. J Strength Cond Res. 2019;
33(8):2019–52.
31. Borde R, Hortobagyi T, Granacher U. Dose-response relationships of
resistance training in healthy old adults: a systematic review and meta-
analysis. Sports Med. 2015;45(12):1693–720.
32. Martins WR, Carvalho RS, Silva MS, Blasczyk JC, Araujo JA, Do Carmo J, et al.
Mechanical evaluation of elastic tubes used in physical therapy. Physiother
Theory Pract. 2014;30(3):218–22.
33. Twisk J, Bosman L, Hoekstra T, Rijnhart J, Welten M, Heymans M. Different
ways to estimate treatment effects in randomised controlled trials.
Contemp Clin Trials Commun. 2018;10:80–5.
34. Fritz S, Lusardi M. White paper: “walking speed: the sixth vital sign”. J Geriatr
Phys Ther. 2009;32(2):2–5.
35. Aas SN, Seynnes O, Benestad HB, Raastad T. Strength training and protein
supplementation improve muscle mass, strength, and function in mobility-
limited older adults: a randomized controlled trial. Aging Clin Exp Res. 2020;
32(4):605–16.
36. Picorelli AM, Pereira LS, Pereira DS, Felício D, Sherrington C. Adherence to
exercise programs for older people is influenced by program characteristics
and personal factors: a systematic review. Aust J Phys. 2014;60(3):151–6.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Bårdstu et al. European Review of Aging and Physical Activity           (2020) 17:11 Page 11 of 11
